The aim of the present work was to investigate the seroprevalence against Ehrlichia canis (Ec), Anaplasma phagocytophilum (Ap), Neorickettsia risticii (Nr), Rickettsia conorii (Rc), and Borrelia burgdorferi (Bb) in two different clusters of canine samples from Northwestern Spain. Cluster 1 included 479 dogs presented at veterinary clinics located in Ourense and Pontevedra. Cluster II included 170 dogs from the public kennel of Ourense. All 649 canine serum samples were analyzed by immunofluorescent antibody test. Prevalences against the above-mentioned agents in cluster I were: Rc (24.6%), Bb (6.26%), Ec (3.13%), Ap (5.01%), and Nr (1.04%), whereas for cluster II were: Rc (50%), Bb (8.8%), Ec (54.7%), Ap (45.3%), and Nr (4.7%). Rc was significantly associated with age and history of exposure to ticks, and Bb showed a statistical relationship with age and clinical status. Ec and Ap were related to the occupation of the dogs, with stray dogs being the most frequently seropositive. Furthermore, seroreactivity against Ec and Ap was significantly higher in Ourense than in Pontevedra. The univariate analysis demonstrated a significant concomitant seroreactivity between Ec and Ap and between Rc and Ec and Ap antigens. The seroreactivity to Nr must be interpreted very cautiously as this infectious agent has been seldom reported outside North America.
Introduction

I
NFECTIONS CAUSED BY PATHOGENS SUCH AS Ehrlichia, Rickettsia, Anaplasma, Neorickettsia, and Borrelia spp. are being increasingly recognized around the world. The importance of these infections is related to their ability to cause illness in animals and/or human beings. As dogs are considered to serve as excellent sentinels for the detection and characterization of different zoonotic diseases (Solano-Gallego et al. 2006b ), the identification of these agents in the canine species could be helpful not only in the management of the affected dogs but also in order to develop a proactive strategy in case these diseases begin showing up in the human population.
Among the above-mentioned agents, Ehrlichia canis (EC) is the most frequently recognized by clinicians in our country (Font et al. 1988; Sainz et al. 1996; Aguirre et al. 2004; Solano-Gallego et al. 2006b ), whereas negligible information about the other agents is available in dogs from Spain. A number of publications have reported the serological detection of Rickettsia conorii (Rc; Delgado and Cármenes 1995a; Herrero et al. 1992; Tesouro et al. 1998; Segura Porta et al. 1998; Solano-Gallego et al. 2006b ), Borrelia burgdorferi (Bb; Font et al. 1992; Delgado and Cármenes 1995b; Merino et al. 2000; Solano-Gallego et al. 2006b ), and Anaplasma phagocytophilum (Ap; Solano-Gallego et al. 2006b ) in dogs from other areas of Spain and in other countries of Europe with a similar environment (Trotz-Williams and Trees 2003) . Neorickettsia risticii (Nr) has been described in North America (Neer and Harrus 2006) . Studies regarding these agents or their vectors are particularly scarce in Galicia (Northwestern Spain). Nevertheless, dogs infested by the ticks involved in the transmission of some of these agents (Rhipicephalus sanguineus or Ixodes ricinus; Camacho et al. 2003) , as well as serological evidence of Ap in livestock have been reported in this region . Furthermore, a case of human anaplasmosis has been recently documented in this same area (García et al. 2006) .
The aim of the present work was to investigate the seroprevalence against Ec, Ap, Nr, Rc, and Bb in two different canine populations from Galicia: one composed of dogs from a public kennel and the other composed of dogs attending local veterinary clinics. The significance of several risk fac-tors (age, sex, occupation, lifestyle, habitat, history of tick exposure, prophylactic measures, and clinical status) was also investigated.
Materials and Methods
Seroprevalence against several tick-borne agents was investigated in two canine clusters. Cluster I included 479 dogs attending veterinary clinics located in two provinces (Ourense and Pontevedra) of Galicia (Northwestern Spain). Dogs were classified into different categories in order to assess the significance of several risk factors (variables): sex, age (young, Յ2 years old; adult, Ͼ2Ͻ8 years old; and old, Ն8 years old), breed (25 different breeds were included), occupation (domestic pets, guard/shepherd, hunting, and stray dogs), lifestyle (indoors versus outdoors), habitat (urban, rural, and unknown), history of tick exposure, prophylactic measures, and clinical status (symptomatic versus asymptomatic). Clinical signs were divided into the following categories: nonspecific signs (anorexia, weight loss, lethargy, and fever), hemorrhagic disorders, signs of urinary track infection, lameness, and cutaneous, reproductive, gastrointestinal, cardiopulmonary, ocular, and neurological signs. Cluster II included 170 dogs from the public kennel of Ourense, randomly chosen. The scope of the current study did not include epidemiological or clinical aspects when considering sample II, as the variables analyzed (with the exception of sex and breed) are not available in such dogs.
All the 649 serum samples from the dogs included in clusters I and II were collected over a 1-year period and subsequently analyzed by immunofluorescent antibody test (IFAT), against Ec, Ap, Nr, Rc, and Bb.
The antigens used to detect specific antibodies against the different agents included in this study were (Caride 2004) .
Statistical analysis was performed using the computer program MedCalc. A significant association was deduced when 2 value corresponded to p Ͻ 0.05.
Results
Seroreactivity against the five antigens tested in the present study was observed in both clusters I (n ϭ 479) and II (n ϭ 170). The seroprevalence against Rc was 24.6% (n ϭ 118), the highest among the different antigens within cluster I, and was even higher, 50% (n ϭ 85), within cluster II.
Of the dogs included in cluster I, 6.26% (n ϭ 30) were seropositive to Bb. The majority of the dogs from Ourense (7/10) showed antibody titers equal to the cutoff (1/64). On the contrary, half of the seropositive dogs from Pontevedra had titers over the cutoff: 1/128 (two dogs), 1/256 (five dogs), 1/512 (two dogs), and 1/1024 (one dog). In addition, two of the sera displaying antibody titers over 1/256 were also positive to Bb by Western blot. Although the percentage of positivity against Bb was higher in sample II (8.8%), the great majority of the dogs (13/15) showed antibody titers equal to the cutoff.
Within sample I, Ap was more prevalent (5.01%, n ϭ 24) than Ec (3.13%, n ϭ 15). Dogs from public kennel of Ourense (cluster II) showed very high rates of seroreactivity to both Ec (54.7%, n ϭ 93) and Ap (45.3, n ϭ 77). On the contrary, the seroprevalence found in sample I against Nr was very low (1.04%, n ϭ 5). Cluster II dogs showed a slightly higher prevalence against Neorickettsia (4.7%), but only one of these seropositive animals displayed an antibody titer above the cutoff point (1/160).
For samples in cluster I, the seroprevalence against these five antigens and the statistical study (chi-square and p) according to the variables considered (sex, age, occupation, lifestyle, habitat, history of tick exposure, prophylactic measures, clinical status, and province where the dogs lived) are shown in Table 1 . N. risticii was excluded from the statistical analysis due to the scarce number of positive dogs in the majority of the categories. Likewise, "unknown" categories were also excluded.
No statistical association was found between sex, lifestyle, habitat, or the application of prophylactic measures and any of the tested agents. The presence of R. conorii antibodies was more frequent among dogs exposed to ticks (p ϭ 0.0037) and less frequent among young dogs (p ϭ 0.0060). On the other hand, the detection of B. burgdorferi antibodies was positively associated with age and clinical status of dogs, being significantly high among old dogs (p ϭ 0.0344) as well as among those showing clinical signs (p ϭ 0.0171). Ten out of the 30 (33%) dogs seropositive for Bb were asymptomatic, while 20 animals showed clinical signs. Sixteen dogs showed nonspecific disorders (14 anorexia, nine weight loss, 13 asthenia, and six fever). Other clinical signs observed in dogs with or without nonspecific signs were genitourinary abnormalities (eight dogs), cutaneous signs (six dogs), gastrointestinal disorders (two dogs), and lameness (two dogs).
The prevalence against Rc or Bb was statistically similar between the two provinces, whereas the seroprevalences against Ec and Ap were significantly higher in Ourense than in Pontevedra (p ϭ 0.0439 and p ϭ 0.0007, respectively). In relation to the occupation, stray dogs were significantly more frequently seropositive for Ap (p ϭ 0.0000) and Ec (p ϭ 0.0000) than the other categories.
Concomitant seroreactivity among the antigens is shown in Table 2 . Many of the dogs in clusters I and II showed seroreactivity to more than one antigen. Nevertheless, dogs seropositive to only one of each agent were also found ( Table  2 ). The univariate analysis demonstrates significant associations between some of the concomitant seroreactivity observed (Table 3) . These data demonstrated no association between Bb and the rest of antigens and between Rc and Nr (p Ն 0.05). There was significant relationship (p Ͻ 0.001) between Ec and Ap, and between Rc and Ec and Ap.
Discussion
Our results demonstrate the existence of seropositive dogs against the five agents under study (Rc, Bb, Ap, Ec, and Nr) in Galicia. The seroreactivity to all these antigens observed in dogs that have never lived or traveled outside this area, strongly suggests that these microorganisms (or antigenically related species) are present in Northwestern Spain.
The high seroprevalence against Rc, in our study, is in agreement with seroprevalences reported in dogs from other areas of Spain (Espejo-Arenas et al. 1990; Delgado and Carmenes 1995a; Segura-Porta et al. 1998; Solano-Gallego et al. 2006b ). However, cross-reactivity with other Rickettsia endemic in Spain cannot be precluded (Merino et al. 2005; Fernández Soto et al. 2006) . In accordance with the literature, no relationship has been established between Rc seroreactivity and clinical status (Segura-Porta et al. 1998; SolanoGallego et al. 2006b; Kelly et al. 1992 ). However, febrile illness associated with Rc has been recently reported (SolanoGallego et al. 2006a ). On the other hand, the dog not only may be a risk factor for Mediterranean spotted fever (SeguraPorta et al. 1998) but also can serve as an epidemiological indicator.
The presence of Rc in Galicia could be expected, considering that this agent is transmitted by Rhipicephalus sanguineus, which is widely present in dogs from this area (Camacho et al. 2003) . Different studies have demonstrated association between Rc antibodies and different risk factors AMUSATEGUI ET AL. 800 (Delgado and Cármenes 1995a; Solano-Gallego et al. 2006b ). In our study, Rc was significantly associated with history of tick exposure (p ϭ 0.0037) and with age (p ϭ 0.0060), with young dogs being less prone to being seropositive to this Rickettsia. This may be explained by the increasing exposure to ticks with age, together with the persistence of antibodies against Rc in dogs for long periods of time (Tesouro et al. 1998) . Although no significant differences were found between provinces with regard to Bb seroreactivity, our results suggest a higher seroprevalence in Pontevedra where antibody titers were also higher. Certainly, false-negative antibody tests results are rare when using IFAT, but this assay uses whole spirochetes, with many proteins that are present in other microorganisms and, therefore, induces production of cross-reactive antibodies (Burgess et al. 1989; Lindenmayer et al. 1990; Shin et al. 1993) . For this reason, it is important to bear in mind that Bb infection is probably overrated in the present study. However, seroreactivity caused by infection with Bb likely gives the highest titers, although cross-reactions should always be considered with any positive result (Greene and Straubinger 2006) . The highest antibody titers observed in dogs from Pontenvedra strongly support the existence of Bb infection in this area, more so two of them being also positive to the Western blot test, a technique considered more accurate than the IFAT (Gauthier and Mansfield 1999; Hovius et al. 2000; Magnarelli et al. 2001; Sheets et al. 2000) . Ixodes ricinus has been previously described as infesting dogs from Northwestern Spain (Camacho et al. 2003) . Further studies would be required in order to establish the possible existence of I. ricinus microspatial patches in different areas of Galicia.
Some of the risk factors reported to be related to Bb seroreactivity include history of tick exposure (Delgado and Cármenes 1995b) , sex (Lledo et al. 2004) , and age (Merino et al. 2000) . In the present study, a significant relationship with age (less frequent in young dogs and more frequent in old ones) and with clinical status has been demonstrated. The predominant clinical features were anorexia, lethargy, weight loss, and fever, consistent with published literature. Although lameness and articular swelling have been classically associated with Lyme borreliosis (Levy and Magnarelli 1992; Levy et al. 1993) , only two of our dogs displayed lameness. Renal disease has been described in a few naturally infected dogs (Dambach et al. 1997; Grauer et al. 1988 ), but in our study genitourinary affections were the most frequent, followed by cutaneous signs, hemorrhagic abnormalities, and gastrointestinal disorders. The contribution of coinfection with other microorganisms and serological cross-reactions, as well as the concurrence with other diseases, must be taken into consideration.
The seroprevalence to Ec in cluster I was slightly lower than the seroprevalence against Ap. On the other hand, dogs were more frequently seropositive to Ec and Ap in Ourense (5.3% and 9.1%, respectively) than in Pontevedra (1.5% and 1.8%, respectively). Limited clinical and/or epidemiological data on Ap are available in Spain. Although cross-reactivity between Ec and Ap must be considered (Waner et al. 2001 ), eight of the tested canine sera from cluster I were only positive to Ap, suggesting these dogs may be actually infected by Ap or a similar agent. In fact, cross-reactivity with other Anaplasma species such as A. platys, which has been described in other areas of Spain (Aguirre et al. 2006) , cannot be ruled out. However, some serological and polymerase chain reaction (PCR) studies have demonstrated the presence of Ap in livestock, wild small mammals, roe deer, ticks, and human beings in different areas of Northern Spain (Oteo et al. 2001; García-Pérez et al. 2003; Oporto et al. 2003; García et al. 2006) . Particularly in Galicia, seroreactivity to Ap has recently been found in horse, cattle, sheep, and goat , and the first Spanish case of human anaplasmosis confirmed by PCR has been recently diagnosed in this same region (García et al. 2006) . Seropositive dogs from Northeastern (Solano-Gallego et al. 2006b ) and Central Spain (Sainz et al. 2000) have also been reported. Moreover, 15 out of the 24 seropositive dogs from this same cluster displayed antibody titers Ͼ1/80 (five dogs 1/160, three dogs 1/320, four dogs 1/640, one dog 1/2560, and two dogs 1/5120), the majority of them (13/15) located in Ourense. These results together with the high seroprevalence (50%) found in cluster II (also located in Ourense) strongly indicate a considerable rate of Ap infection in this province. The presence of Ec in dogs from Galicia is well known, but from a clinical point of view, the significance of Ap is possibly underestimated. Taking into account the environmental conditions in some areas of Galicia (favorable for Ixodes ticks) and the results from this and other studies previously performed in these areas, further evaluation of Ap in dogs using molecular techniques is needed.
The seroreactivity to Nr in cluster I was very low (1.04%) and restricted to a rural area of Southwestern Pontevedra. On the other hand, eight dogs were seropositive to this antigen in sample II, but all were also seropositive to Ec and/or Ap and seven of them showed antibody titers equal to the cutoff, suggesting possible cross-or nonspecific reactions. Nr, the etiological agent of Potomac horse fever, has been established to be endemic in North America (Neer and Harrus 2006) , so any evidence of this infection in other regions must be taken very cautiously. However, in the last few years, several publications have cited serological and/or molecular evidence of Nr in other countries such as Korea, Uruguay, and Thailand (Suksawat et al. 2001; Dutra et al. 2001; Chae et al. 2003) . Consistent with these findings, among the five seropositive dogs from Pontevedra, three showed antibody titers above the cutoff and were seronegative to the rest of the tested antigens, which suggests the possible existence of Nr (or other serologically related agent) in this province, although scarcely present and limited to a small area. Due to the possibility of cross-reactions and to the limited information available about the presence of Nr in Europe, further molecular studies must be undertaken to validate our results.
Notably, concomitant seroreactivity associations were similar in clusters I and II. The significantly concomitant seroreactivity might be at least partially explained by the existence of the same vector (i.e., R. sanguineus for Rc and Ec) or by cross-reacting antigenic determinants (i.e., Ec and Ap).
Cross-reactivity between the genogroups of Ec and Ap has been considered to occur especially with hyperimmune sera (Dumler et al. 1995; Nicholson et al. 1997) . Furthermore, these cross-reactions, which have been seen at very low titers, have been considered to represent either nonspecific reactions or specific reactions to highly conserved antigens among members of the Ehlichiae genus (Nicholson et al. 1997; Waner et al. 2001) . It is interesting to note the high concomitant seroreactivity between Ec and Ap, particularly in cluster II, where just one serum sample was seropositive to Ap and its antibody titer was 1/40. The development of antibodies to Ap in dogs after infection with E. canis could be a time-dependent event, probably conditional on persistence of rickettsia in the host Harrus et al. 1998 ). This circumstance was most likely to occur in cluster II, in which conditions were poor and thus dogs were more likely to remain infected for a long time. The cross-reactivity of antigens between these two species has also been documented to occur in dogs exposed to Ap, which seroconvert to Ec antigens (Breitschwerdt et al. 1998) .
Further studies including molecular characterization of the agents are necessary in order to establish the presence and extent of these infections, as well as the species, density, and competence of their vectors in Northwestern Spain. The zoonotic importance of our observations remains speculative.
